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(54) DEVICE FOR FORMING IMAGE AND METHOD FOR CORRECTING GEOMETRICAL 
OPTICAL IMAGE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To automatically correct 
the geometrical optical image distortion of an X ray 
image pickup system. 

SOLUTION: This device is provided with an image pickup 
system 1, learning system 2, and digitizing system 3 of a 
distorted source image SI, and digital image processing 
systems 4 and 47 constituting a target image TI obtained 
by correcting distortion for the source image SI. This 
image correcting system is provided with a first sub- 
assembly 4 which decides a polynomial function Fn for 
correcting the radial directional distortion of an optical 
center OCn and optical center surroundings based on 
the data of a distorted test source image SGo, and a 
second sub-assembly 47 which calculates the address 
of a point in the distorted source image SI in which 
intensity data suited to the initial address of the target 
image are present by applying the polynomial correction 
function to each pixel address of the target image TI. 
Moreover, the calculation of a polynomial function Pn for 

distortion correction for constituting the optical center OCn at the center of optical distortion 
and the test target image TI is included for the test source image SGo. 
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•9, 



E9fiWS*^5^;S, N, E, W 
Ei»Jt^,#,SE, SW, NE, NW 

[0 0 5 1] jgia^ro-k>-^C<7)Jlll<7)-nib<758^Ji 

SBPSd i*>J;U<d 2(cJ:oT^±tca^$n, 

mX'h'O. d 1 =C- S, C-N, C-E, C-W 

h 9 , d 2 = C — S E , C-SW, C-NE, C-NW 
[0 0 5 2] ffiHtd 1 tt, ***fi[jS3JJ»^-0/<-«)» 

[0053] gggtd 2ii, tti&-rz>ftft&im®i<nm& 

^-(Df-y^(75^gjg(cS*mT'fflofcSgSld 2 fcSJt 

[0054] a«#a$ % f5re>ttflts*-5-fr-ft, as» 



10 



20 



Wf;i?£tll±\ g^fibkS, N, E, Wttfe^-©/*— 

T ^ -5 r £ Sr^-f 5 r. t tf-V # So 
[0 0 5 5] ItSG ! (Oiti§J; •?B&{cSHfe(c||/<--C' 

[0 0 5 6] *ISWt«t5*lft^«iaf!if^l-J:ntf» o 

£*L3„ 40 
F I LT=Min (NW, NE, SE, SW) -Max 

(C, N, S, E, W) 
rcDggiMiil^TMin (NW, NE, SE, SW) II, 

U Max (C, N, S, E, W) IS. -fe^^^-g-fefcS 
[0 0 5 7] *iS*a s X£jiMc*<0*&&jEl,<£*>-8: 
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£ Max t (Dm \Z l$± # V ^H*5 5 C 
[0 0 5 8] @3roA<7?S^a^W=§-^:i^4o»t-5F I L 
TS*ro»ffiftJ&S:*«UB*i8»* J *aU, FILTS 

[0059] tzmotfitiimm*. 

[00 6 0] II B 2 3-£<PW* LfctetfiPBfflW. (11 
2<T>-?u yt 4 1, @3C0C) 

[0 0 6 1 ] C^T, ^J6ro»!(S/fiiSrtftffli-5fc»l-H 

^©e***t>i-sip»N b £ii£-r s r t ic «t oti 

[0 0 6 2] H3WAICl^-rj; 5 (-5A//f V-^^S 

' .-eroB^ictettS^IS^roiS^N i cD$b£, 

lc*j(t 5*&^-k»tK¥*3 J; t/Silro/^- «ilSfS¥c7>J?£ o 

S^W<£fc:*ilt535M£tf>i@i£N 1 <£>— ^ME«cl-*5 
lt5B*CD«liScN 2 ICfc Sff|c4£lk*ft*ftN b ©tf» 

[0 0 6 3] ZOmjU&NbtffflmZMl&i-Z. 
[$L1 ] Nb=N 1 XN2 

[0 0 6 4] rcDBfftT\ #5SS^^i'SI-, -5:^3* 
KlScSr^H-LTBIfiSfLttif ttT4v\ WffiicN b lepji 

[0 0 6 5] w©Hffi{fc»ffro&M&fc3o-t, f/HS 
^-^PjHSLfcB^li, 7|c*5tt-5Hfi:N b (c>ft 



» 
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*K W*I4, — #lCBf<» i3(OB(DltSG' Ojgig 

[0 0 6 6] ii b 3 MMihMQ ksMiMm t ^iEl 

[0 0 6 7] ^•S^(75f+^W/tS!){C, H 

ii m&xh ^ &g <d tt ^-m <nm.m m x o t st * 5 

[0 0 6 8] @3(7)C^#BS,-r-5i x :Oi5lCLttt 
[0 0 6 9] l^3;ff <bftfcy — ^ItSG* {£*3tt-5 7 

u HUHS-fa. rwy-^H&SG 0 icm 

^bttS@^<Offigl|E-§-Q x, QyfC^LTxtt±»r 20 
x k tyftlOryi £ (C J: otf}3^5, 3. <DMW. 

[0 0 7 0] S3WClCtJV>T«, tttfiSftfcSill&R 

[0 0 7 1] IIC mtStffy^<PmE (i2©7n 
4 2) 

rco^P^^^feli, SMST^6<)MSrtfjEL-C*)S0 3«>C 
wy-^Bi^O^SG 0 $rS*3tl»fTG" t 30 

[0 0 7 2] -tro&BoBB^tcS*), *3§WcJ;5;££ 

x, Q y (Ciolt^Sif^Rk ©llrxt , r y k let 

[0 0 7 3] *%W^£ti\i. ifiltt^t^-yy hil 
^IcHtTMW-fe^^orafflTii, y—^Sffc^^^ 40 
[6] (CM A/ T'^ 5, iW&iftfcg^TffiJ&^JxSo 

[0 0 7 4] 0 3OCJC^-r«t9^5fc^Lfca^W^ 

fc@2»yn yt 4 2 ©afif*r*i"fllx."Cl^. 

ig7U— J*<DW-£Micttfc-fZ%ii(Dm%itf)% :: f-<oS.fi 50 
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(O&my U-AQ x, Q y (DffimiMWgcx to ZXfgcy \Z 

^Koatiiw^TG 0 \c*tLxm%(Dm±^?tn 

B£(Olip7l/-AQx, Q y ICfclt5 x^fcit^y 
1 waf&M&^lCStl-St"-^^!^ ©Sfiffi, 

g" coS$^r, ~©atj£„ ft**, IB l waBttBH 5 -© 

ro^loaf^^l-O^T^$ttfc-fe>^GC° *5 
<fc TJ< f y f- G M° © f ¥ m I C S -3 ^ T £ it 5 . 
[0 0 7 5] 03roc£fiC#>, rrolft^lcffl^SllE 

&&<D&%<D&m\'^Ma*mm&\zLxmm&ffimk 

[0 0 7 6] IIC 1 ^lgHWfeT-g'tyj'GC' O 

ffff 

coaira^t&^-fi^ ty^GC 1 fciyfyfG 

[0077] ^©a»-m, miroanw^^-t-5 

[0 0 7 8] *S*ifiirott«^5i©<EjttS:Sffli-tutf. 

[0 0 7 9] ^1 coatmMt&^-W-trV^GC 0 CDffiffi 

crotts^^Rk 0 <nfa^-GC° <n-t y ? t LX (o&fe 

[0 0 8 0] IIC la y-^EtSG' (D^-lrV^iS 
^tpgiS^R,, " (DWm {M2<DZfa y? 4 2, EI5» 
B) 

— ^IC. y-^lfiSG 1 ro^-tr^lCg'bifiVRk 

[0081] ms<DB^k^-th\c^ mz<Dc\z.^-t& 



ft 
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tWT'fot?, ^coS^T-tr^y St. ° (i, o#*<D- 

v-*m&<n]&?(Dmmiii%&R~ ° tin— 

±lc{£Bl-5fim£i¥<fc9&5VSk. 0 -eSfeLfcSB io 

gi|T-fe>'7'!J I> 

[0082] y-*t&^sG° ©S*jS»<o ( t , -e, #3 
w£ir>*tcfi:t>jfi^g!fi£R k 0 £#ts5H--5 0 

[0 6 8 3] S«,^R k Srft^i-Sfc*!-, Sffcffi, 

AL(ka) - E [(0,5 gmr' - |nc k - rx 

III:, rx„ , ryv li, giJT-feyy U H Ss» ' joil^V 
S„ ° O-tn-t'HroSlP^Rk WJl^-C'fc 9 , rx„, ry 

h ^S2p^ ©ffigi T* 5 „ 

[0 0 8 7] tl^SipAL (k a) li s 0 3<7)C<75y- 
£;ft o#*(75j; Sfcfc-S. 

' :»S1AL (ka) JC±oT*t>$nSiH3tiS*t 

vMiif, -£ftf;:tt#< :©7tyyy s k . ° (cM^.-rs 
^{c^L^glfsi^KBS^iiiaL/i^y-^t&^SG" 

[0 0 8 8] I^SSipAL (ka) Off ^C&^TIi, 

fl> bit VMS $ i ^fi^£4-;L b 5 w £ fc/j: So 

[0 0 8 9] IIC lb Ml^illJMlllilG 40 
<D^6S*SAL (ka) Wiiffl^ioTT 1 ^ % 

<Dmmmmfcm*ttez>mm&Rv " 
r<o{£@£ifi£R k ° tfeit-r^ta^wts^TG" 

y*GC° iLT#flS$n, % <DmUgcx to XVgcy 
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&WMQ x J:U<Q y tC&ofcnoCDgEBdgmx' *S«fcU«gm 
y' T'Slfr^ftS,, 
[0 0 8 4] *^lC«tiXlf, ififafy^GM 1 W7k¥ 

• SDMWHc* u «t UMUHSroft £ gmx' 

lix* K«F*afl!^Ru ° fc«f»iV*B^-0^«. ^ftb 
©at«-Ctt. S'lT-fe>-y!) HSk. ° JoJ;t>*VS». ° fc-t 

[0 0 8 5] ¥&*fa»&M#Mft^<b-f fttf > h 

^Sfp^Rk. 0 Asai-tv^icisitixtfiSiMj^, ^eft 

fc*tt#< WgilTirvy y V Sk, ° fcitfHSk, ° ©gig 
ft, ft£gmx':fci«fcTjW Sr^PtSia 5 ©B IC 

J: 9 fc##«©BT-tr y7' y ©SHi^»*s*ftfc*»t 

[0 0 8 6] @5(7)B^#BB-rixtf, O^WWSSipjjS 
[^2] 

|) J +(0,5 gray 1 - |ry k -r yK .|)>] 



[0 0 9 0] ^lSfiftf&T-roTfc^-irV^OC 0 t, - 

(75iri/^GC° i-iH-5i5l-jitiR£ft5 0 SttMtfr 

WoTV^5*A©S-fe>^i:Pflfft5. 
[0 0 9 1 ] IIC 2 m la^fe^lC^t^b'-yf-G 

Fjl^^^iai^Wt&^TG 0 Wt5ftfty^GC 

ffli/^^t's/^cotKiSfiGM 1 n, 
[^l] 

GM~ 

SB lSHlttl&^-TG 0 rolfjijclC^LTt^y^GM 0 O 
$ b left* 4 ft SrStJg-t- 5 m 2 ttig f^ffl . 
[0 0 9 2] IIC 2 a SllMfeTlcMLtf-yf 
GM° <Q^fiffigr»3£-t-5tBl««^ffl (0 6»C) 

tiSv^S2i^R k " t LTfFfl5£ft-Cl^3. 

[0093] @ 5<DBz&mi-%\z^ mm&vT-ty? 

y Sk 0 »i^cos*^Rk 0 iia-£fr$ft o#'<75~o 
' y-^iB^SG 0 lc*3it5S*^Rk 0 <t^-*¥'< 

i&LfcHSk T*s*?-r7K¥giir-fe vyy , 



y— * 
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SG° iCfcttigip&R 



' 0>*¥rit#-O*>Sft£g«x' t*i-saol[««T?«i|i«r 
[0 0 9 4] H6©A*#B+SJC, jgiaaftWtt^fc 

»t5tyf©2 fiJt^gmx' *S «fc t»y' ©SB 1 $g£-ftg 
[fl-2] 

gmx°° 

[*3] 

gmy°°. 

& St® -r 5 r. <b (d «t o x mn s ti 5 . 

[0 0 9 5] ^cofcfetcii, SP^»?r7K¥©lT-fe>y 

[0096] <f raatasii, ^a^^s^^w^s^fe 

u< ttmm<D^m^xmciEL^^t. 

[0097] atsfttfj©® 1 ttffi-?fr&t>ft&tt£tt. 

[0 0 9 8] IIC2b «!BlM!rifrfOiritlBl:e7 
2<£>:/n y ^ 4 2, E16CDB) 

H6coBSr#Ba.-r-5{-> y-^IfSG' com-fe>-^{c 

&-t%8mm&<»&iTiz>7}) s' •« 0 &aj£-fs. a> 

t5>5 8 i£P£<D*-*ieMi, 3! 1 ffSS Xfc* o fc t° y 
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[0099] fffittifi$tt. ±.m<T>±o\zmmzintz& 

*^-5^2©iSi@^ffllw»i, 6tK¥P^Hhs,, 0 fcjitf 

It X. SWilCld^lJ $ G M° T'^fr ZtlZfa* f y ^<7) 

L 7c fit o) 43 p B T lefig L , ffiigf^ffl H y - * 

[0100] rrfgtt^^r^Lt. *»*»s*ia 

[0101] -^(Dmi&ftmx*nti:t>titzm®.i%<Difei& 

20 ' fc<fcU\ 

^iafraM^©1ij7lci7)7cJ6(7)t°5/^-GM 0 = (gm 
x°, gmy°) (D+MzffiWmfe 
Xh<9. Ztlb<D7 i —'?l*W&&tl5o 

[0102] *»wi^j:s*ftic*si^Ttt, *mw&m 
iEm&z&mmc&j£i-zxm(Dmmzw.mLx^z>tf 

tFGC° Wirv^ 

30 R„ 0 i;iot*t5*fty^oc 0 

tmibxnmx-h&o 

[0103] iic 3 y— ^.i&^f-sg 0 g)%gj^R> a> 

l&^-fe: V^GC 1 toM^gcx" , gcy° 
fyfGM* roRK^gmx 0 , gmy° 
CD^g^lc J: 19 . TR„ ° X'mio-t^m^t^m^&B 
40 7U-A^Efi-rsr.i:lcJ:»), 3? 1 Sf&WI&^lftl* 
Six. 3 3lc, mtt3»W» J fl£*5tt5#£g£0>»i£ 

[0 10 4] 3C0SI^T*f4, EI3(OCiC7f:1-J; otiWB 
^.P^y-^pj^sG 0 *s±V±SELfcJ:5iffiaifc 
Wft^TG* icfflV^ttS. 3tl<b<£>2!iff SG° ioJ; 

[0 10 5] ~C0MJS»4 
50 UK3] 
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mm&R: Kara:-*- sfcfeiciaiftWft^T g° -e&ttjL 

[ 0 1 0 6 ] 0flx.W: v S G° (Cjol-t-SRk li#^10 0 

(k = 10 0) m-fZlDlCttl,, TG° (Cfclt-STR 10 

. ° (±#^2 0 0 (m= 2 0 0) fcW-f-So -<E>4§£\ 

&R,. tTR. ki>m*te1rm&iai f (k) =g 
(k) -ft£t>hl (100) =g (2 0 0) *t 

P. ° W&£<75#£||i^&£ ■? . WAtff (10 0) 

= g (200) =120 t t£Zo 

[0 107] ^ft^GC" <£>j£®<DM#/h£lMg® 

S-5^5^(cS'bifiStT^6S«^Rfc<, tfdimXt 

P< ' S:lttSri:A>f)'!CotV^ t 20 
(0 10 8] -fe>?^^8ltl-5(-otlT, mfmtfife?<D 

tczwcBtftx y—xw®. s g° <Dm^fa b <d 

[0 10 9] *«75Pp1S%«?< IW-C, fc^-fe^GC" 
&{Cft:g-f Sf&ip-tr^GC 0 tw«t , %(DGC° t — 

gc-rzmm&R* 0 titcsistsf io»« 

U ol^T\ ^-fe^^GC°(Oliia(C^2<7)*fPk ' 30 

[0 110] ft fi\ ^ir^^GC 0 £i 

oTli!i»i!;|5ll\ flrtJHil t 0 i/^ToiiA/f>itP k 
° Sr«^i-5fe*IC ftft^JGC' <75J^I1T**:#$ 

[0 1 11] Lfc#ot, m«%\^ y-^fef SG* t 

S2p,*R., ° &£Vfe*±>?GC° ^lifcf 111 

[0 1 12] 0 6WCT*li, iiWftfWl^TR 1 
«o.) li, %X'7FLXhZ>mm&R« v, ^C+^KitftT 

Tfc6„ 50 



40 
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[0 113] U y^Jfefty^GC" 75>ibif <Pf*lT 

[0 114] @8<da£#kH-£|^ 5T©fiM^v 

[«C4] 
[fl-5] 
[*6] 

p° 

[0 115] 08£>B£#H&-r3K:, fefty^GC 1 

wnfTG* omitted* b$%-&m& 

|r>!tt£;l-2)S2p.^Sry-^ia^SG 0 4»|c£#LTl^ 
-ir>*GC° tfxF^IM [0.7] i£iI5^f£ 

(GC 0> TR^^j) 

Wio] 

Will 
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[*1 2] 

P° 

(0 1 16] oi^T, frfc&^y-^y- Yfr 10 
[*1 3] 

v° 

[oi 17] :tf)J;?iat, «f*/j:ise«ip* s *)£$ 
K^tz^y-^t b^mfeZtiZo Zbiz^ftftyy 20 

ions] iid m^w<Djjm^m-5<Km^m\z. 
zx-zztzrtBiE Ltzm^m^T g" r t 

<fc <0 &oTi/><5 0 

[oi 19] r^s^&i-sfc&ic, ^m^m\t 30 

■So 

5X-ftte?'<?->'i / Ef : iZ^y-<D$m}i£ 

[0120] «-$feff©i5gT*i±, mikmmmK mfc-t^ 40 

OC 1 , ftfOtyfGM" . StliPk " , 

•So 

[0121] 0 2Sr#Ha.i-5(c, z\<nWM.M\t^-y° 

[0 12 2)^t^GC' , fcTyf-GM* . ft^-fe 50 
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y^oc' T*^$ti/cTG° OJ: ^&mlSf^§lttf&^ : - 
<rc^»£S^i?#lea-C-;fe5 £ -f 5 <!: . 

U 

?GC' fc.fcUMfr^-fc' y^GM* T'^^^tt 2)^2 31^ 
Wft^OW^SKSSr^o -yy" 4 3T-fflMEU ^ro^2 
ittftftfTG' j9*8ffcft£*GC' feiVGM' 

tr' 1<U ©^isy-^ltSG 1 <DSip£«M-*ti£ 

•fcfctl, §lic#yn .yy- 4 5t\ /<*-yf^J**9-E 
' £f+g-T5 r t lc io-CttttS-Brfeft, $ ibid, 
-yy"4 6T\ HI^ICOC 2 tf* ifcSftStMr y*0)|fc]E 

[0 12 3] nlElgroStSnli, jfe^-fc ©ftfiiSflE 
JEZiXXOC" tt£-otz'&\z, /U— 7°(D-7°v 4 6© 

[0 12 4] frfcfcftSMr^oc" ©fcBfcfi. 

gtOT^P y y- 4 3t?fflV^tL, -tCO^n -y^ 4 3 "Ctt, 

*©B*j£-C, n-l|eIB<OR«n-llc*ilt5ailtt» 
fTG""' ©1*tt(0«ia*||l]©*iSjfeij, 5«n|CtJ«t 

5 frfc temm SrfllfiJci- S fc fcft*^-fe 
[0125] Pt7'n7^4 3 T*«, SHW&^ofrS 

[0126] IID te^ir^GC" MlMiMj! 

t°gm° (omrnm (0207'B 4 3) 

H2^#BBi-5(C > y ^ 4 3ICt3V^TIi, &Mn 

X\ W$.fr-7°<n>7'u 4 6-C!E»fLfctfa»9 0>#¥ 

[0 12 7] ofroj: 9^fE-§-T*S*3-fMro^P k 

[ic5] 

P k °- X = Rf w , TG-» g(k) 

- 1 ?T7r:1-t.CDT*fcS„ 



I 
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[0 12 8] i£mr<OK« n - 1 X'it, o#*<7> fcCQii^Jo 

gftV^GC = ( gcx , gey ) 
SUffj&^f S^GM"" = ( gmx"" , gray""' ) 
[0 12 9] 5mntdfc^T(i, r>g<Ds<7/— ftffc 
s ?)<, 

&&£tlfcte^-tr*:/GC" = (gcx" ,gcy" ) 
&&Zfttz&l-*7-y7GM" = ( gmx" ,gmy" ) 
Ztlb(Ds<7 ^-^fitrfcfrte^TR" SrSJt 

[0 13 0] -trofcfctcii, ft^ir^oc" rtSjEUt 

[0 13 1] rtLtt, aKWftfW^TR" .» 

t><o i t®<DRfflc&&-fz>zkZ7iii-ttb\^ ft&» 

aaiwft^f-ii, san-i^fc^tsa^^TR"" 
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* 5. 



10 



[0 13 2] H9<OA£-#BS1-.5 /D.^4 6i> 

^TR"" , u , ifetTSSn-lT-MTR''' 
,< k > tOffi^fcitP,, "" SrffM-r5JtJ£LytS*^R 
f W ri5*£*vC:fc«J, fiOC'-Rru & 
Htr" .» t¥Soc" -Rrw £©ra©8M5re 

[0 13 3] #38H*ifc0>wfc>8:RlC*5^TW:, gin 
*OC" i»^»*»e>^ricLfc»©#^li3j:tmj£-r 

[0 13 4] 3*bl£flfSftfcfi. o£*(7)Sggf 
[SC61 

n-I 



a* = rn^Coc^R^)] 



n-l 



20 



* 



™ „ n-l 
TR 



Rim SriiS^StrolSI©, R«n- l-CSJUStbfcft 
[0 13 5] @Mi7l/-AQx, QylCfcl^Tfi. 
[&7] 



TR^J = [(gcx- 1 + gmx- 1 x X^), (gey- 1 + gmy" x ^] 



n-l n-l 

, gmy 

gey""' l£#;#LT<^<5 



*°(gcx n , gey, gmx", gmy°) = £ (Aj) 1 

[0 14 0] r.CD£**" ^^e^filffi-CfeS^felC 

[0141] *«pa*»felJiai-5*/JWt©*fett, f 
M&Krf-Xvmti&i gmx"" *5j;t>* gray"" «r«cl+ 



■1 



i? ? GDJ&# gcx 
[0 1 3 6] CLOsUcJo^T, ^7^~ * X,m iiXTf 
», « li, S^^gmx "" tJ«tO« gray""' ©t'yf 
©*fr-t*t«tft£U JK1 gcx"" , gey"" SrW1--5 

life c> ft v. 

[0 13 7] 0!lx.li, El9WA^II^,1-Sfcfe(Ct4, ft 

fi)c# gcx"' , gey"" T*^^Lfc*&^GC"" *»btH* 
LT, zMP^faKX.w = 4 f -;/ ?\ fiS^fatC*/ 
,o.) =2»^-bry^<OffiKtcfo5. i%xfctWCfc 

[0 138] Hfty^GC" & <fc t^l&^F- tr y =? G m" 

l±> 5I«#» IWKSnf, 7"o^43l:j3t^ ft 
[0 13 9] rw«cWS*li, of©J;5Kt#*i3t 

[ic8] 



30 



4> I 



$ -Br 5 r 1 1 c i 5 « ^ tr f- G M' 



CD 



40 



50 



t&^f y^ro^gmx""' , gmy"" imfcX'hZ 

^6>, iE*WS¥4>" co^fil&^-fey^GC""' cozioco 

^T^jffli gcx"" , gey""' icKLT^m^n, z<nmm 

-SfcfelcMglfl gcx" fcj;t>* gey" Z5-A.Z>-'0(DWm 

* feffyfGM""' icKt-s«t*tS*<i>" roft/j^k, 

fc*5. H-^^tLT^-S^iry^tOffi^ gcx" tsit/ g 

cy" iiast?*>9, «cWS*<i>" ©atiftftyfro^ 
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»fr gmx"" , gray"" KiLt^tiJ^^ *0>9fH» 
<7)ftgl±, :©RIntfflftf^5'fGM' &JEfrf5 
fcfelC^fS gmx" *J4U< gray" ^^-TLi-^XD^Wl 

[0 14 21 IIP 2 ft^^^Mfe^t/M^-t-^g^ 
SfcfT&P&^RSI ^ »R« n T'SEff $ H/c^-lr y^GC 

[0 1 4 3 J Rtf nT'li, 12«7'd ^ 4 3 (C&t^ 
SrtT& 3o 

' feT-tyf&mGC" = ( gcx" ,gcy" ) coSfr 
f&^-tV^fiJc^GM" = ( gmx" .gray" ) <7)H£r 
' Zfv y V 4 6 fab <D OC" <DmW, 
[0 14 4] Zilb<D<${i\-t, H4cDB{C^i-J; 

[0 14 5] y-^fef SG' OSP^Rfc. frfc 

" ^M-f'S^^fc, mtztmifctbteTT g" 
[oi4 6] a^^rois-f-^t y-^iirosf^ 

irW*f^^Pi-5 2owiffc/ < £S]^H, SffcfcffiS 30 
(gcx" ,gcy" ) T-fig^^fefct&^-feV^GC" »/i 

[0 14 7] HE m^miE^^'D^'M- m2 (DT'u 
V 9 4 4 ) 

%^y$OC" ircoftp* " »-o«^^TG 40 

n 

[0 1 4 8] l2 9<OB£#BS1-.5lc, mfeW^glio 
[&9] 
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X k n = (OC, TR^j) 
Y k n = (OC, R fa) ) 

l»io] 

[0 14 9] ~tib(0^fl(DMtt, frfclcjEffbfcai^ 

[0 150] ft&T*£-*fPk " »^Y» " fc^fSXk 

[0151] 01 O<0A&#!$-f #ttX±(7)^fS 
Xi. " , X« " itttt±©^SY« • Yk #0^ 

■So r<£>0T*f4, rix^ro^PK, ' , p« ' a*, jfcfcs 

[0 15 2] 01 0COB?r#Ba-rsi^ 0|C(4, #f&w 

f SG° lcMi!L-CftMLfc6*fOPu '.OPb'.OP 
k3 °, OPm °, OP k5 \ OPk 6 ° 1 1 i>\C7jk LXfoZ,, r 

'ix> °,Yk 0 tm®i£i£vmm±.\z*:n?ti7FLxh 
^ ft n ji m i c a © m & Mf$L l r ^ 5 o 

[0 15 3] 01 O0>Cfr#flg-?*5£, 01-14, ^Stro 

R«"CJK^U*:tero6*rP H ° , P k2 ° , P k 3 " . Pm 
' . Pk 5 " . P*° 1 1 t(C^LTfe5o rcD^-g-, *f 

p. " oT-fev^yfiv #JS5tS^:Fk ° icfcHSLfcra 

[0 15 4] 01 0»A75MCSr#RP,-r5lC, nt* 
*8Xi " , Yk " (DM&&Vmi l -fZ><D{Z&&\zmLtz 
KicF" t4 5^t>L<l4 6if>:W#JS^;T-fe?>^t755flj 

[0 15 5] 01 0©ASr#HS1-5ICl, StlnT*, 
Yk, " , Y« ' , — tM<D&P»", P« " , — Sril^ 
(C^ft«t5#JS^HicF" t<D^lC#S-f5^7— f 
jfeh>*)SS^E k . " , Ek. " , — it. #^Xk, " . X« 

" , — \zi\,^x*1ri?tiffll£-fZ>z.b&x%Z> 0 R«n 

i^fc.tsa»w»-f-TG" o^fPk " ror-tr^yy less 

1-^X14, tlTT'(4/<^-V^jc^7-E° tBf^^W^ 
7-14, ofroi 9l-»< wir^T-tS. 
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[»1 1] 



_ E 



E° = £ {[Y k " - P(X k n )] 2 } 



[0156] sxT-ett.Wdtiftmm&iE&tf&.kwx&Js. 

[0 15 7J -<D#«^F" 12, lofflfiMM^F, 
[0158] II F ^-W^Efcjiv-roH-g (@2W 

7* D y 7 4 5 ) 

7-E" Srft/htci-ifcfttcffHSI-a. 
[0 1 5 9] /^-Vff^7-E° 12, 0A»bWx.li 
l 0*T*»#K«T*fh»$ix. riv5»5lii#;<£>^7 — E°, 
E 1 , — ,E° #Wf8£*i<5. Wx.li l O0(DK«wi§S 

X'Vc M LtiU* ¥kt£Z>'*9 — >ftf&x- y —(D o Nop 



[0 160] r»ft/J^7-E Nwl adttfcKH 
^^F" 0 " t>L<l«cDi££>&#Fx Nw , Fy 

[0161] HG W&m® t l-<D%^±>*<7>mJE 
2CQ7*n 7^46) 

[0162] hi 2 ic^-rs«ii^(cii x yp-^46t 

fc4SIn + 1 T-$r/c&Jllltf)&^ TG n '' fcW-JM-S 

[0 16 3] ^(ElCfcfUS, ^7 — E" ©ic^/Udf— 

[0 16 4] ^©fc£>t£f2, 0fl*.tfO75Ml 0«#S« 
Idfe^T, @£S*t7U— i»Q x, Q y rtWffilglCi >9 

[tl 2| OC" = ( ocx" ,ocy" ) 

*oc" <D{m\tm*<r>mmx'm#-tz>zbtfX'Zz a 
[oi6 5] m 1 (Dfimxit. *%i*m*m%a\ s« 
mx\toc° tmt>-rwM(o^±y^<r)mm^m.^^ 
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[0 16 6] !B2©*jfett, W-i)L^FlWlcB8i-5K9tt«t 

o.»»Mu^smi-*3^-c, iirojtf-fey^oc 1 a» 

^fcS^fSlT'x^ M--5„ 7)^-5 20©77 MCioT 
- >ffr&^ y - E° *S*/>1- 5 S tWO£ C 

<»iP— *S»ffit£-efli#U*tf3. o^t\ »ic 

[0 16 7] ;<?->ftf&^ : 7-ZML'Hci-5 ) <D\zm& 

[0168] 11 h Parana g>a ^7 

J&»J&»5 *f*0> t> t ffi, 0 2 iC^f 7" a 4 5 (DMA 
S8fc:t3lt<5*$r0>*a&f [ Mi, Nopt T'EttiLfc^t 
NlasfCEW^fc*#i:* s tftl^1-5 ± 5 lc»3£$ti5E 

•3, * W#^f2 Nopt (N last) T'fc-5 0 
[0 16 9] L£#oT, ^7-Wt/&^7-£ft/Hc 

[fl3] G=F S »^' 

[ifrl 4 ] Nopt(Nlast) Gx = Fx (x, xy) 
Nopt(Nlast) Gy = Fy (y, xy) 

[0 1 7 0] 0 9 0>C:i3«fcUq3 4<&A$:*fi8-f ft 
Nopt (N last) |C»J61-S*ft©*^i(aLfc. 

[ftl 5] OC*'"' 



Ni.it 
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[0171] Ell OODSr^BB.i-Stc, ^p„ 

to 1 72] znt^^icim-r-sasw^afi^ 

g" 2 T*$>5o 

[0 17 3] #Jl:3:i»i£G<bL< BtC^GxfcitJ' 
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[0174] SS^CG <b L < I4G x , G y <£>*n!&l4, 0 1 

[0175] in mm<Dytt£&)&<Di&iE m 1 <Dmr± 
vyy 4 7, iii2(Oii]T-fe'^yy 4 7) 

LfcWIH-C**?L*:^— hB&T I ft>&£A/£IRIHI 
T'ilfrLfct. troy-^-B^S I iT'ii^^JF^T'fc 10 

■So 

[0 17 6] «^-f-<#^-y-y HBfl»C*5^TWU @ 
^(75SJP7W-AQ x, fl y {CioH-?,#Bi^COMHxT. 
&4t>*y., #¥»$ix-C^3. Ltzfr^Xf-y-y hB 
{g>T 1 14, BStHKc, «*.tfii«o«t«i*aEtcJ:oT3fe 

[0 17 7] ^-y-y hB{t><£>9LT<£>B5{?xt, , yn tc 

AGx, GyCioTltf Lfcy-Xl^(7)7K^x 20 
s. , ys, (co^T&*$tl, o#*0B8^^fo5 0 

* 

[|!cl 6] xsi =Gx (xti , yn ) 
y si — Gy ( x ii , y ii ) 

[0 17 8] y-^MS IWK^xs, , ys. T* 
Etti-f£,f4, -J&lc, B^T'f4^i/^T\ JjifeftU"^ 

f- &;b*>:/u— w</W4, t^ico^t, -toy—* 

b a ic jo »t -s is mm m <d mm tc m <s ^ ?$ rim ± o -c t+ 

— V-y hBfttCJottST KMxn , yn CDS.TWBS? 
[HBWflB^^lftW] 

[Hi] Af4, *^7lt 7 4 V 9 frW9tfH8&<r>— 

■J, Bfc£U<Ct4, ^07Jy 7^tCi (Jx* M^-V 

*• S #f 5 & jE&»£K91 1" S $0 T' fc 5 . 
[0 2] flHESii$:ft£-rs#ffi*Ha-f--5fc*<M;:, 

* y 7 p& -e± c fc 3t^= m m * mft^W) \£&iE-r z>tnt>\c 

2-ir^^4r^-r5fcJi)OB^a^Wf5 1 gjT-fe^7'*40 
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V &Bf£i-Z7n •yy-M*7F-f-y'u y^ffiffcS, 
[0 3] A7!>MCf4, ±j£ro*j£ro#SP&lc*5tt5y- 

* b& * ^ixufiTF-trnm x-h z , 

[04] A7}MDf4, ±i$ro*-ffi(0#®|iglc:J3it5^- 
y-y hB^Sr-tft-eft^-f^-CfoSo 

[0 5] AI4, y-*t&*w£££^L, &«£tefctS0> 
fc*©*«HK«ia»if^tttWi-5i»BITfc9. BJ4, 9) 
fi£¥£ J: 9 left fciSv ° Z&feir 

[0 6] AI4, SSl'flBiatiaf^ffllcio-Cfflft^TG 

S* " ^*1-^0T'fe9, BI4, JB2l>raieigf^ffllC < t 

otf li^^TG 1 o©pg^*^-f Ztzlsb<Dmm 

jftot*ii7t^!; s* 0 4r^-r^0-efc •? . c»4, 

W ffM W 1" 5 $0 T* fc 5 „ 

[0 7] A:fcJ;tfB,4, *#^t5«tU ? ^ld-f:tL-e*4xS 
^fc* y - * B& £^1-g|0 T'fe 5„ 

[08] Af4, «Hf-j£ W8) ***JKy IsVattZtf 

*as & rot -r 5 $0 -? *> 5 . 

[0 9] Af4, ftp* " Zft^-tyfoc" tc8?ij$-fr 
*>*K BI4, #Jfitll@i5cF" 0>f¥flH--5fc«>ro¥&x k 
14, /<^— ^fpj*^9— fcft&i-ft/Mtl-a-fev^oc 

[010] Af4, tt<DmB^OC" <Dmi(D^yy[Z 

* ■ «!:Y k " t<omc x. ^xtef&Ltc&&*m&\cmffi. 

f4, 5«*i£o*R«i-*5it?)^i#31S;p 0 ro*^^ 

ISiBJ1-5j^0-C'fc'9, Cf4, *,\m.< nKm^1i>&& 
9 - yftffc* y - £&'b\z-tZ>tzlsb(DMc&£m.£. F 

m " l *~* ^«fc-ffl^±tcas6<jiciaiSLfi*fp k 



[07] 



1^ 














A 



B 



(17) 



#P!¥8- 2 8 7 2 4 3 



[Hi] 



[03] 



tiJL^f-] x 



B 



r 3 































T«nP" 

A 



2 ^7 




[02] 




V-ZiWt 



47 

iFNoptfflbst)] 



U 



i 



4] 





E 



V D 




[05] 




(18) ffl¥8-2 8 7 24 3 



[06] 




ft 



• » 



(19) 



4#§f!¥8- 2 8 7 2 4 3 



[H8] 




A 




B 



yyy^m 94130 y — c/^v-^— yi/ 
— \) zi. xn. C/ ^ ^> 7 /i/ 7 j 

tvu:/ 6 



